Background: AR splice variants may play a critical role in prostate cancer. Results: AR3 modulates expression of tumor-promoting growth factors and promotes epithelial-mesenchymal transition, leading to development of prostatic intraepithelial neoplasia. Conclusion: AR3 promotes prostate cancer by modulating multiple tumor-associated autocrine/paracrine factors. Significance: Our findings provide new insights into mechanisms by which AR3 contributes to prostate cancer despite its heterogeneous expression pattern.
Deregulation of androgen receptor (AR) splice variants has been implicated to play a role in prostate cancer development and progression. To understand their functions in prostate, we established a transgenic mouse model (AR3Tg) with targeted expression of the constitutively active and androgen-independent AR splice variant AR3 (a.k.a. AR-V7) in prostate epithelium. We found that overexpression of AR3 modulates expression of a number of tumor-promoting autocrine/paracrine growth factors (including Tgf␤2 and Igf1) and expands prostatic progenitor cell population, leading to development of prostatic intraepithelial neoplasia. In addition, we showed that some epithelial-mesenchymal transition-associated genes are up-regulated in AR3Tg prostates, suggesting that AR3 may antagonize AR activity and halt the differentiation process driven by AR and androgen. This notion is supported by our observations that the number of Ck5 ؉ /Ck8 ؉ intermediate cells is increased in AR3Tg prostates after castration, and expression of AR3 transgene in these intermediate cells compromises prostate epithelium regeneration upon androgen replacement. Our results demonstrate that AR3 is a driver of prostate cancer, at least in part, through modulating multiple tumor-promoting autocrine/paracrine factors.
Androgen ablation therapy is the first-line treatment for patients with advanced metastatic prostate cancer. Despite an initial favorable response, a majority of patients will eventually develop incurable castration-resistant cancer. Understanding the mechanisms underlying castration resistance is critical for developing more effective treatment of this deadly disease. The androgen receptor (AR) 2 is a key transcription factor which is activated by androgens and transduces androgen signaling mainly through regulating expression of genes that are essential for prostate homeostasis (1) . It is reported that androgen receptor may directly modulate Ͼ200 protein-coding genes as well as a group of microRNAs in a cell type-dependent manner (2) (3) (4) (5) . In the majority of castration-resistant tumors, AR transcription activity is largely maintained despite androgen deprivation. Multiple underlying mechanisms have been proposed, including deregulation of the AR gene, steroid metabolism enzymes, steroid hormone receptor coactivators, autocrine/paracrine factors, as well as ligand-independent AR splicing variants (6 -16) . In addition, it has been speculated that androgen ablation therapy may target mainly the bulk of tumor cells expressing AR, but fail to eliminate cancer-initiating cells (or cancer stem cells) which are responsible for initiating and maintaining tumor growth (14, 17) .
Prostate stem cells play a critical role in maintaining prostate tissue integrity, and their potential involvement in prostate tumorigenesis has been implicated (14) . Several studies have identified and validated the markers such as stem cell antigen-1 (Sca-1), CD49f and CD117 for enriching murine stem/progenitor cells both in vitro and in vivo (18 -20) . Purified basal cells are able to regenerate prostatic lumens, suggesting that at least a portion of prostatic stem cells reside in basal compartment (21) . A single Lin
ϩ cell has been reported to generate functional prostatic ducts in renal grafts (19) . A recent study has shown that Lin-Sca-1 ϩ CD49f high stem cells are increased in response to castration in normal prostate gland and also represent a fraction of tumor-initiating cells in the Pten-null prostate cancer model (22) . These data suggest that tumor-initiating cells may share some common features with normal stem cells such as expression of primitive markers and the ability to self-renew. Meanwhile, a second more differentiated luminal Nkx3.1 ϩ progenitor population (castration-resistant Nkx3-1-expressing cells, CARNs) may also exist and play an essential role during mouse prostate regeneration after castration (23) . Furthermore, multiple autocrine/paracrine factors, such as EGF, IGF, TGF␤, WNT, NOTCH, and FGF, have been shown to play important roles in regulating proliferation, differentiation, and maintenance of prostatic stem cells (24, 25) . Deregulation of these autocrine/ paracrine loops is intimately associated with cancer development and progression.
Recently, multiple independent studies showed that a number of AR splicing variants lacking the ligand binding domain are up-regulated in hormone-resistant prostate cancer cells and promote castration-resistant growth in cell culture and xenograft models (10 -13) . Expression of AR3 (a.k.a. AR-V7), a constitutively active and androgen-independent AR splice variant, predicts biochemical recurrence as well as cancer-specific survival (11, 12, 26) . Gene expression profiling revealed that AR3 may have an independent role in regulating a set of target genes in prostate cancer cells. Interestingly, AR3 is expressed primarily in the basal compartment in benign prostatic acini while being virtually undetectable in luminal epithelial cells (11, 27) . However, AR3 expression is significantly elevated in luminal epithelial cells in prostatic intraepithelial neoplasia (PIN) lesions, suggesting that aberrant expression of AR3 in luminal epithelial cells may potentially play a causal role in initiation of prostate cancer. Nevertheless, AR3 staining in prostate tumors appears to be quite heterogeneous, suggesting that not all tumor cells express and/or depend on AR3. Therefore, the role of AR3 in prostate cancer initiation and progression remains elusive.
The present study was undertaken to examine the effects of aberrant expression of AR3 in mouse prostate epithelium. We generated the AR3 transgenic (AR3Tg) mouse model and found that overexpression of AR3 can modulate expression of a number of tumor-promoting autocrine/paracrine growth factors including Tgf␤2 and Igf1 and increase prostatic progenitor cell population, leading to development of prostatic intraepithelial neoplasia.
EXPERIMENTAL PROCEDURES
Transgenic Mice-The full-length human AR3 cDNA was cloned into ARR2PB promoter expression cassette and injected into fertilized FVB mouse eggs. The eggs were transplanted into pseudopregnant females. Newborn mice were screened for genomic integration of the human AR3 transgene by PCR of mouse tail DNA and confirmed by RT-PCR, Western blotting, and immunofluorescence. Tail genomic DNA was purified, and PCR was performed as described previously (28) . Three independent transgenic lines were established by mating the founder animal with naïve FVB mice. The studies were approved by Institutional Animal Care and Use Committees of University of Maryland.
Western Blot Analysis-Prostate tissues were extracted by using the T-PER protein extraction reagent (Pierce). An equal amount of prostate tissue or total cell lysates was subjected to SDS-PAGE, followed by Western blot analysis using anti-AR(441), anti-actin (C2), anti-AR (N20; Santa Cruz Biotechnology), anti-TGF-␤, anti-Smad3, anti-p-Smad3, anti-Smad1, anti-p-Smad1/5 (Cell Signaling), and anti-AR3 (11) .
RNA Isolation, Microarrays, Quantitative Real-time Reverse Transcription-PCR, and MicroRNAs-Total RNA including miRNAs was isolated from cells or tissues by using an miRNeasy mini kit (Qiagen) or RNeasy mini kit, and then RNA was treated with RQ1 RNase-free DNase (Promega) according to the manufacturer's instructions. Affymatrix Mouse Gene-1.0st-v1 arrays were used for comparison of gene expression profiles between AR3Tg and WT controls prostates (n ϭ 3). Microarray analysis was performed using BRB-ArrayTools (developed by Richard Simon and BRB-ArrayTools Development Team) to identify differentially expressed genes. Genes were considered statistically significant if their p value was Ͻ0.05 and at least 1.2-fold change. The raw data of gene expression profiling have been deposited in GEO repository under the accession GSE52092. The changes of some identified genes were validated by the quantitative real-time PCR. Quantitative RT-PCR was performed using the Fastart SYBR Green Master mix (Roche Applied Science) on a Two Color RealTime PCR Detection System (Bio-Rad). For the reverse transcription (RT) reaction 1 g of total RNA was used. Stemloop RT primer GTCGTATCCAGTGCAGGGTCCGAGG-TATTCGCACTGGATACGACTAACCG was used in the mature miR-29c cDNA synthesis reaction. The primers used for mature miR-29c were 5Ј-GCGTCTAGCACCATTTGAAAT-3Ј and 5Ј-GTGCAGGGTCCGAGGT-3Ј; U6, 5Ј-CTCGCTTCGG-CAGCACA-3Ј and 5Ј-AACGCTTCACGAATTTGCGT-3Ј. The relative abundance of each target transcript was quantified by using the comparative ⌬⌬Ct method with U6 small RNA or 18S as an internal control. The lentiviral vector expressing miR-29 was purchased from GeneCopoeia. The miR-29 inhibitor and its negative control were purchased from Qiagen.
Flow Cytometry-Dissociated murine prostate cells were suspended in DMEM/10% FBS and stained with antibodies for 30 min on ice. The antibodies used were APC-anti Sca-1, FITC-anti CD31, CD45, and Ter119 and PE-anti-CD49f (eBioscience, San Diego, CA). Fluorescence-activated cell sorting (FACS) analyses were performed by using the BD LSR II (BD Biosciences).
Prostate Sphere Assay-Dissociated prostate epithelial cells were prepared from 5-6-week-old adult WT and AR3Tg mice as described previously (20) . Prostate sphere assay was performed as described (29) . Prostate cells were counted by hemocytometer and cultured in 1:1 Matrigel (BD Biosciences)/prostate epithelial growth medium (Lonza, Walkersville, MD). Ten days after plating, spheres with a diameter Ͼ50 m were counted.
Histological, Immunohistochemical, and Immunofluorescent Analysis-The prostates were microdissected under a dissecting microscope. Tissues were fixed in 10% buffered formalin overnight, then washed and transferred to 70% alcohol. These paraffin-embedded tissues were sectioned (5 m) and stained with hematoxylin and eosin. Antigen retrieval was performed by incubating slides in Antigen Unmasking Solution (H3300; Vector Laboratories). A Vectastain Elite ABC Kit (Vector Laboratories) was used for immunohistochemical staining according to the protocol recommended by the manufacturer. Rhodamine anti-mouse secondary antibody and Alexa Fluor 488 goat anti-rabbit secondary antibody (Invitrogen) were used for immunofluorescence analysis. To quantify the immunohistochemical staining, the total cells were counted from five independent view fields for each section, and the percentage was presented as the number of cells positively stained with the indicated antibodies/100 total nucleated cells.
Cell Culture, Transfection, and Infection-LNCaP cells were purchased from American Type Culture Collection. Prostate cancer cell lines C4-2 and CWR-R1 were kindly provided by Drs. Tindall and E. Wilson (30), respectively. The cells were transfected with FuGENE 6 (Roche Applied Science) following the manufacturer's instruction. The shRNAs specific for AR3 (shAR3) were described previously (11, 31) .
Construction of Reporter Plasmids and Luciferase
Reporter Assays-The putative hs-miR-29c target sites from the human IGF1 3Ј-UTR were amplified by PCR with primer1-F 5Ј-TACGTCTAGATAGTTGCAACTTTGAGGCCA-3Ј and primer1-R 5Ј-TACGTCTAGACATCTTTGGCTCCAGGC-TTC-3Ј (first IGF1 3Ј-UTR site), primer2-F 5Ј-TACGTCTAG-ACAAAAAGCCTGTCCACCCTTG-3Ј and primer2-R 5Ј-TACGTCTAGAGTTGAAAGGTGGTGGTGGCT-3Ј (second IGF1 3Ј-UTR site). After digestion with XbaI, the two DNA fragments were, respectively, cloned into the unique XbaI site downstream of firefly luciferase gene in the pGL3-control vector (Promega). Luciferase assays were performed using the dual-luciferase reporter assay system (Promega). 0.2 g/well of the above pGL3-control vector containing the first or second IGF1 3Ј-UTR site and the internal control Renilla luciferase phRL-SV40 plasmid and corresponding miR-control or miR-29c mimic were cotransfected into HEK293 cells by using Lipofectamine 2000, and firefly luciferase activity was measured 24 h after transfection. The results were normalized to Renilla luciferase according to the manufacturer's instructions.
RESULTS
To better understand the role of AR3 in prostate, we generated the AR3Tg mouse by using the modified probasin promoter ARR2PB (Fig. 1A) . This promoter has been shown to be mainly activated in prostate epithelial cells (32, 33) . The presence of the AR3 transgene in genomic DNA from the transgenic founders was confirmed by PCR (Fig. 1B, left) . Expression of AR3 transgene in mouse prostates was further examined by RT-PCR, Western blotting, and immunofluorescence staining analyses. As predicted, we could only detect AR3 expression in the prostates of AR3Tg mice, not in their wild-type littermates (Fig. 1, B and C) . RT-PCR results also indicated that transgene expression levels in the AR3Tg prostate vary in different lobes: highest in dorsolateral prostate (DLP) and ventral prostate (VP), least in anterior lobes (Fig. 1B, middle) . Thus, we focused our study of AR3 function in DLP and VP. As the ARR2PB promoter is activated in mouse prostate as early as 3 weeks of age, we performed gene expression profiling in AR3Tg to identify differentially expressed genes in the AR3Tg at the age of 4 weeks, shortly after the expression of AR3 transgene was turned on. Our microarray analysis revealed that 414 genes were differentially expressed in AR3Tg prostates compared with their wild-type controls. Expression of some well established AR target genes such as kallikrein family proteins (Klk1 and Klk1b27) and androgen-binding proteins (Abpb and Abpd) were increased 20 -100-fold, suggesting that overexpression of AR3 could enhance the expression of some known AR target genes. Interestingly, a modest but significant increase of a set of genes associated with stem/progenitor cells, including Ly6a/Sca-1, aldehyde dehydrogenase (Aldh1a1), Tacstd2/Trop2, and Tgf␤2, was detected in AR3Tg prostates. Meanwhile, expression of some microRNAs, such as mir-29c, was altered. Significant changes in expression of Sca-1, Tgf␤2, and mature miR-29 were validated by quantitative real-time PCR (Fig. 1D) .
Sca-1 is one of the stem cell markers that have been used to enrich murine prostatic stem/progenitor cells (18 -20) . Based on our microarray data that Sca-1 expression is up-regulated in the AR3Tg prostate, we hypothesized that AR3 may play a role in modulating expansion of prostate progenitor cells. To test this hypothesis, we took several approaches, including FACS analysis and sphere-forming analyses, to study the effects of AR3 on prostate progenitor cells. The Lin-Sca-1 ϩ CD49f high (LSC) subpopulation has been identified by enrichment of Sca-1 ϩ CD49f high and depletion of hematopoietic and endothelial lineage (CD45 ϩ CD31 ϩ Ter119 ϩ ) in several studies (18 -20) . Previous studies also showed that the LSC subpopulation contains sufficient progenitor activity (18, 19) . As shown in Fig. 2A , the LSC subpopulation was significantly increased in AR3Tg mice compared with age-matched wild-type controls. Trop2 has been used to identify a subpopulation of murine and human prostate basal cells with stem cell characteristics in a previous study (34) . In this study, we observed an increase in the Sca-1 ϩ Trop2 ϩ cell population in AR3Tg prostate (Fig. 2B) . Furthermore, in sphere-forming assays, cells from the AR3Tg prostate formed more spheres than those from the wild-type control, indicating that more LSC cells are present in the AR3Tg prostate (Fig. 2C) . P63 is expressed mainly in prostate basal cells and required for prostate development (35) . P63-expressing cells possess higher self-renewal activity (29) . A previous study showed that Pten deletion leads to expansion of a subset of prostate cancer cells positive for the basal epithelial markers such as p63 (36) . Immunohistochemistry analyses revealed a significant increase of p63 positive cells in the AR3Tg prostate (data not shown). Taken together, these results demonstrated that overexpression of AR3 increased prostate progenitor cell population.
TGF␤ is well known for its role in promoting self-renewal and maintenance of human embryonic stem cells as well as prostate stem cells (37) (38) (39) . Our microarray analysis and realtime quantitative PCR results showed that TGF␤2 expression was increased in AR3Tg prostates. The level of matured Tgf␤ protein was also significantly increased in AR3Tg compared with wild-type controls (Fig. 3A) . As a result, the levels of phosphorylation of the downstream effectors of Tgf␤, including Smad1 and Smad3, were elevated in AR3Tg, suggesting that the Tgf␤ pathway was activated in AR3Tg prostates. We also examined whether TGF␤2 expression in human prostate cancer cells is regulated by AR3. As shown in Fig. 3B , TGF␤2 expression was decreased in AR3 knocked-down CWR-R1 cells compared with control cells. Consistent with the change of TGF␤2 transcript, the level of TGF␤ protein and phosphorylation of Smad3 and Smad1/5 was also reduced when AR3 expression was knocked down (Fig. 3C) . These data suggest that AR3 plays a role in regulating TGF␤2 expression both in vitro and in vivo. Accompanied with the activation of TGF␤ signaling, expression of a number of epithelial-mesenchymal transition (EMT)-associated genes, such as N-cadherin, vimentin, snail, and twist, were up-regulated in AR3Tg prostates (Fig. 3, D and E) , suggesting that overexpression of AR3 may poise the luminal epithelial cells for greater plasticity. Therefore, it is possible that activation of the Tgf␤ pathway in prostate may halt epithelial differentiation and lead to accumulation of progenitor cells in AR3Tg prostates.
Our microarray and real-time PCR data showed that miR-29 expression was decreased in AR3Tg prostate, suggesting that AR3 may negatively regulate miR-29 expression in mouse prostate cells. We examined whether AR3 plays a role in regulating miR-29 expression in human prostate cancer cells by either knockdown or overexpression of AR3. Fig. 4A shows that miR-29 expression was decreased in C4-2 cells overexpressing AR3 but increased in CWR-R1 cells when endogenous AR3 was Laminin was used as an internal control. Middle, AR3 expression was examined by RT-PCR using AR3-specific primers. Right, AR3 protein expression was determined by Western blot analysis using AR (N-20) and AR3 antibody. Actin served as a loading control. C, immunofluorescence staining performed by using AR3 antibody in frozen tissue sections of prostates from WT or AR3Tg. Nucleus was visualized using DAPI staining. D, levels of Sca-1 and Tgf␤2 transcripts in a pooled RNAs (n ϭ 3) from WT or AR3Tg prostates determined by real-time PCR analysis with 18S rRNA as an internal control. The level of mir-29 expression in WT or AR3Tg was determined by real-time PCR using U6 (U6 small nuclear RNA) as an internal control. Error bars, S.D. *, p Ͻ 0.05. knocked down. This was consistent with the results that we observed in AR3Tg model. Furthermore, the expression level of miR-29 was down-regulated in human prostate tumor tissues compared with their matched benign tissues (n ϭ 3), whereas the relative level of AR3 was increased in the tumor tissues (Fig.  4B) . These data suggested that AR3 could regulate miR-29 expression in both human and mouse prostate cells.
We then performed bioinformatic analysis using DIANAmicroT v3.0 to search for potential miR-29 target genes (40, 41).
In addition to known miR-29 target genes such as DNMT3a and DNMT3b (42), we found that both human and mouse IGF1 transcripts contain at least one putative miR-29 binding site in their 3Ј-UTR (Fig. 4C) . To determine whether human IGF1 could be regulated by miR-29 through direct binding to its 3Ј-UTR, we inserted the DNA fragments of IGF1 3Ј-UTR containing each of the predicted miR-29 binding sites downstream of the luciferase reporter gene in the pGL3 vector. Luciferase activity of the reporters containing miR-29 binding sites was ϩ Trop2 ϩ population in prostates of AR3Tg mice was increased compared with their age and genetic background-matched littermate controls (n ϭ 3). *, p Ͻ 0.05. C, prostate sphere assays were carried out as described under "Experimental Procedures." Left, phase-contrast and H&E staining images show prostate spheres derived from prostate cells from the WT and AR3Tg mice (n ϭ 3). Right, prostate spheres are quantified. The average number of spheres derived from the WT prostates was set as 1. **, p Ͻ 0.01.
significantly decreased in the presence of miR-29, whereas activity of the reporters containing reversed inserts remained largely unchanged (Fig. 4C) , indicating that miR-29 can directly regulate IGF1 expression through binding to its 3Ј-UTR. In addition, we detected a reduction of endogenous IGF1 protein and phosphorylation of its downstream AKT in C4-2 cells when miR-29 was overexpressed (Fig. 4D, left) . However, inhibition of endogenous miR-29 expression in C4-2 cells significantly increased the level of IGF1 protein and phosphorylated AKT (Fig. 4D, right) . Because AR3 inhibited miR-29 expression as shown earlier, we wondered whether AR3 could regulate IGF1 expression. As shown in Fig. 4E , knocking down AR3 expression in C4-2 cells significantly reduced the level of IGF1 and phosphorylated AKT. Meanwhile, both were elevated in AR3Tg prostate compared with wild-type control (Fig. 4F) . Taken together, these results indicate that AR3 can regulate IGF1 expression through modulating miR-29 both in vitro and in vivo.
We have shown that overexpression of AR3 increases prostate progenitor cell population and up-regulates IGF1 expression. Transgenic mice overexpressing human IGF1 developed prostate neoplasia (43) . We expected to detect similar pathological changes in our AR3Tg model. At the age of 1 year, approximately 43% of AR3Tg mice (n ϭ 22) displayed pathologic changes resembling human PIN, a precancerous lesion that is limited within prostatic acini without frank stromal invasion. These PIN lesions were composed of atypical proliferating luminal epithelial cells displaying nuclear atypia, and the acini were often surrounded by thickened and reactive stroma (Fig. 5,  B, D, and F) . 7.4 Ϯ 2.1% of AR3-positive cells in the PIN lesion regions are Ki67-positive. N-cadherin, which is elevated in primary and metastatic tumors of individuals with castrationresistant prostate cancer (44) , was also highly expressed in PIN lesions of AR3Tg (Fig. 5J) . Up-regulation of N-cadherin expression in LNCaP cells when AR3 was overexpressed (data not shown) suggested that AR3 could promote N-cadherin expression in prostate cells. Interestingly, AR3 expression in these 1-year-old AR3Tg mice was quite heterogeneous, and a high expression level of AR3 protein was found in PIN lesions (Fig.  5H) , implying that sustained AR3 expression is associated with PIN and likely required for the development of PIN lesions in this model.
Our previous study showed that AR3 may play an important role in castration-resistant prostate cancer. To determine whether overexpression of AR3 in prostate epithelial cells is sufficient to confer castration resistance, we castrated 6-weekold AR3Tg male mice along with age-matched wild-type mice. At 2 weeks after castration, prostates from these mice were collected and subjected to H&E staining. There was no apparent morphologic difference between AR3Tg and wild-type prostates (Fig. 6B, top panel) . Because the AR3 transgene was driven by the modified probasin promoter, which could be affected by androgen depletion, we also examined whether the transgene was still expressed in AR3Tg prostate after castration. Immunohistochemistry staining revealed that AR expression was low but quite homogeneous and comparable in prostates from both castrated wild-type and transgenic mice (Fig.  6A, a and d) . However, AR3 expression was highly heterogeneous in the degenerated acini (Fig. 6Ad) , suggesting that the transgene was still expressed in a subset of prostate epithelial cells that are resistant to castration, possibly due to androgenindependent activity of endogenous Ar/Ar isoforms and/or AR3. Interestingly, we found that the majority (approximately 72%) of AR3-positive cells were Ck5 ϩ /Ck8 ϩ intermediate cells (Fig. 6Ae) , and the number of Ck5 ϩ /Ck8 ϩ intermediate cells was increased in castrated AR3Tg prostates compared with WT controls (Fig. 6A, c and f) , suggesting that overexpression of AR3 in luminal epithelial cells could lead to an increase of Ck5 expression. This is consistent with our observation that overexpression of AR3, but not AR, in LNCaP cells (which mainly express CK8) increased the number of CK5-positive cells (data not shown). We further investigated whether the increase of
Ck5
ϩ /Ck8 ϩ intermediate cells could affect prostate regeneration upon readministration of testosterone in castrated AR3Tg mice. H&E analysis revealed a significant difference between regenerated prostates from AR3Tg and WT mice. In contrast to lumens with well organized single-layer epithelial cells in the prostates from WT mice, lumens in regenerated AR3Tg prostates were filled with multiple layers of condensed and disorganized epithelial cells (Fig. 6B, bottom panel) , which contained significantly higher number of Ki67-positive cells (data not shown) and Ck5 ϩ /Ck8 ϩ intermediate cells (Fig. 6C) , suggesting that AR3 may promote expansion of Ck5 
DISCUSSION
Although androgen ablation therapy is one of the most effective treatments of advanced prostate cancer, the role of AR in prostate cancer initiation remains unclear. An early study showed transgenic mice overexpressing wild-type AR under the control of rat probasin promoter develop PIN (45) , whereas in another study, enforced expression of AR-WT did not cause significant prostate disease in vivo (46) . However, specific knock-out of Ar in mouse prostatic epithelium increased proliferation of epithelial basal cells in the ventral prostate and led to apoptosis of epithelial luminal cells and enlargement of the prostate gland (47) . Therefore, the exact role of AR in prostate cancer is still under debate. Our previous study suggests that the AR splice variant AR3 may play a role in prostate cancer initiation and progression (11, 27) . In this study, enforced expression of AR3 under the control of the ARR2PB promoter in mice increases prostatic progenitor cell subpopulation and promotes development of lesions resembling PIN. Most importantly, our microarray analysis uncovered a group of genes preferentially regulated by AR3 in mouse prostates, which include a set of genes associated with prostate stem/progenitor cells and microRNAs deregulated in human cancers. We showed that AR3 can up-regulate Tgf␤2 expression in prostate cells, which in turn modulates the maintenance of stem/progenitor cells and prevents or delays the differentiation of luminal epithelial cells. Accompanied with the activation of TGF␤ signaling, expression of a number of EMT-associated genes, such as N-cadherin, vimentin, snail and twist, are also up-regulated in AR3Tg prostates, suggesting that overexpression of AR3 in prostate epithelium may promote EMT. Furthermore, we showed that AR3 suppresses mir-29c expression and identified IGF1 as a new target gene of miR-29 in prostate cells. The miR-29 family of microRNAs are deregulated in prostate cancers (48, 49) . We also observed that miR-29 expression is reduced in prostate tumors compared with their matched benign tissues, and the relative miR-29 expression in prostate tissues is inversely correlated with the relative expression level of AR3. These data suggest a role of AR3 in regulating miR-29 expression in prostate cells. Although TGF␤ was previously shown to induce apoptosis in normal prostate epithelial cells, we did not detect an increase of apoptotic cells in AR3Tg prostates. This is probably due to simultaneous elevated survival pathway controlled by IGF1 and possibly other growth factors. High levels of circulating IGF1 are associated with prostate cancer risk (50 -54) . Levels of TGF␤ are higher in prostate carcinoma cells than either the surrounding stromal cells or their normal prostatic epithelial counterparts (55) . TGF␤ has been shown to promote EMT and tumor invasion (56) . Therefore, AR3 may promote tumor initiation and progression via modulating autocrine/paracrine factors, such as Tgf␤ and Igf1. Our study provides new insights into the mechanisms by which AR3 plays a driving role in human prostate cancer despite of its heterogeneous expression pattern in human prostate tumors.
It seems that overexpression of AR3 in mouse prostate could increase the number of Ck5 Therefore, the requirement of AR for AR3 activity is likely cell context-dependent. This notion is supported by previous studies that 22Rv1 cells are less dependent on AR, and the truncated AR isoforms can drive castrationresistant growth in these cells when AR is knocked down (59, 60) . Interestingly, a recent study showed that the anti-androgens targeting the AR ligand binding domain promotes tumor metastasis via increasing TGF␤ expression whereas the anti-AR N-terminal drug ASC-J9 inhibits tumor metastasis (61) . ASC-J9 has been shown to inhibit AR3 activity in a number of prostate cancer cells (59) . It is possible that ASC-J9 attenuates tumor metastasis at least in part through inhibiting AR3 activity whose activity is elevated upon castration, leading to TGF␤ production and inhibition of miR-29. Because both TGF␤ and miR-29 have been shown to play a critical role in metastasis, future study should be performed to evaluate the role of AR3 in tumor metastasis in compound mouse models in which AR3 transgene expression is independent of androgen. Such study would allow us to fully understand the role of AR3 in promoting metastasis under androgen depletion conditions. 
